INTRODUCTION
Many cell types {hepatocytes [1] , HepG2 hepatoblastoma cells [2] , K562 erythroleukaemic cells [3] , HL-60 cells [4] and trophoblast (membrane) [5] } have been reported to express haemopexin (Hx) receptors. However, the number ofreceptors is very variable, and some reports [6, 7] have even indicated that there are none. It has been suggested that the variation in the purity of the Hx prepared by different methods is the cause of the variations in the results obtained. Another observation that human and rabbit Hx bind more readily than rat Hx in vivo to rat (homologous) liver cells [8] requires explanation. To answer these questions, we have used Hx purified from the plasma of humans (prepared by two different methods), rabbits and rats to determine the number of high-affinity Hx receptors on human cytotrophoblast cells. The number of transferrin receptors (TfRs), which is well established [9] [10] [11] [12] , served as a positive control. Such a comparison is of particular interest because of the finding that haem-Hx downregulates the expression of TfR [13] . Hx preparations Human Hx was purified by haem-agarose-affinity chromatography [14] or wheatgerm-affinity chromatography [15] (details given in [14] by passing the mixture over a disposable PD-l0 Sephadex column, equilibrated and eluted with PBS, followed by extensive dialysis against PBS. The labelling took place under dimmed light; dialysis was performed in the dark at 4 'C.
MATERIALS AND METHODS
Labelling of human diferric transferrin (TM-2Fe) Human Tf-2Fe was obtained by full saturation of human apotransferrin in 0.1 M Tris/HCl (pH 8.2)/NaHCO3 in 10-fold molar excess of iron, using iron-nitrilotriacetate (Fe-NTA) in a molar ratio of 1 Fe: 2 NTA. Excess Fe-NTA was removed on a PD-10 Sephadex column, followed by extensive dialysis against PBS. Human Tf-2Fe (0.5 mg) was labelled with Na'25I by the lodogen method (see the preceding section). Excess 1251 was removed as described above.
Cytotrophoblast Isolation
Human placentas from healthy women were obtained from the Department of Obstetrics, University Hospital Dijkzigt, Rotterdam, The Netherlands within 30 min of spontaneous delivery. Trophoblast cells were isolated by the slightly modified procedure of Kliman et al. [18] : approx. 30 g of villous tissue was preincubated for 15 min at 37 'C with 50 ml of the enzyme solution used subsequently for the successive steps of the Kliman procedure. The supernatant was discarded. The remaining tissue was processed as described by Kliman et al. [18] . The final cell population consisted of at least 95 % cytotrophoblasts [9] .
Cell-culture conditions Isolated cells were counted (Burker counting chamber), diluted to 6 x 105 cells/ml in culture medium, and plated in 35 mm Falcon culture dishes (Greiner and Sohne, Freiburg, Germany). The final density was 1.5 x 106 cells/dish. Culture medium consisted of 80 % (v/v) Medium 199, 20 % (v/v) fetal calf-serum, 4 mM L-glutamine, 0.3 mg/ml gentamicin, 50 units/ml penicillin, 50 ,ug/ml streptomycin and 2.5 ,ug/ml amphotericin. The osmolarity was 280-300 mosmol/kg and the pH was 7.4. Before use the medium was sterilized by filtration on a 0.22 ,um Millipore-GS filter. Cultures were incubated at 37 'C in humidified 5 % C02/95 % air. After 24 h of recovery, the non-adherent cells were removed by washing the dishes twice with culture medium. The culture medium was renewed every 24 h. After a further 24 or 48 h, the cells were used in the binding experiments.
Binding studies and Scatchard-plot analysis All binding studies were performed under dimmed light at 4 'C. The dishes, containing single cells, cell aggregates and numerous syncytia, were washed twice with ice-cold assay medium consisting of Hanks medium supplemented with 25 mM Hepes and 0.2% ovalbumin. Binding studies were performed in 1 ml of assay medium. The 1251-labelled haem-Hx concentrations used ranged from 0.015 to 4.2 ,ug/ml. Non-specific binding was estimated in the presence of a 100-fold excess of unlabelled homologous haem-Hx. After 1 h of incubation at 4°C (equilibrium binding was reached between 30 and 45 min), the cells were washed three times with cold PBS and then lysed in 1 ml of 0.1 M NaOH. The cell material was collected, and cellassociated radioactivity determined 
RESULTS
The results of a representative binding experiment performed with human Hx(HA) are shown in Figure 1 . Non-specific binding was determined by iteration, as described in the Materials and methods section. The experimentally obtained non-specific binding data (not shown) were in good agreement with the theoretically obtained data. In the lower range of the binding isotherm, non-specific binding did not exceed the 5 % level. In the upper range, non-specific binding approached the 80% level. Specific binding is limited; only 3500-7000 binding sites per cell were measured, but the affinity constant was high (Kd = 0.34-0.83 nM). In Table 1 the results obtained for all species of Hx tested are listed. Whereas the data for rabbit Hx were very similar to those for the two human Hx preparations, those for rat Hx showed no specific binding. Two additional experiments with a new batch of rat haem-Hx gave the same results which excludes Table 1 [9] . The degree of TfR expression depends on culture time and culture conditions. Iron-poor culture medium stimulates TfR expression. After 48 h of culture in iron-poor Medium 199 the number of surface TfRs amounted to 30000-45000 per cell (0.3-0.5 pmol/ mg of cell protein) [10, 11] . The results of our Hx-binding studies suggest the presence of a very limited number of Hx receptors at the syncytiotrophoblast cell surface (3500-7000 per cell). The measured affinities range from 0.34 to 0.83 nM and are comparable with values published by Taketani et al. [13] for HeLa cells, but are 30-fold higher than those reported by Taketani et al. [5] for isolated placental brushborder membranes.
One must bear in mind that the isolated cell population consists of about 95 % cytotrophoblasts and 5 % contaminating cells (mainly monocytes). An explanation for the small receptor number might be that the Hx receptors detected are associated not with syncytiotrophoblasts but rather with the approx. 5 % non-trophoblast cells in our culture dishes. On the other hand, Hx receptors can be expected on all epithelial cells that predominantly remove the haem-Hx complex [19] .
In contrast with TfR expression, no effect of culture time on Hx-receptor expression could be detected. Trophoblast cells cultured for only 24 h gave essentially the same results as those cultured for 48 h (Table 1) . Figure 2 (b) demonstrates that the low Hx-receptor expression is not due to the method of cell isolation and culture conditions. TfR expression at 48 h and TfR affinity are in the expected range (Tf-2Fe binding 0.26 pmol/mg of protein; Kd 0.67 nM).
We conclude that high-affinity Hx receptors can be detected in trophoblast cell cultures. It was not determined whether they are localized on the syncytiotrophoblast surface. The methods used for the isolation of human Hx did not influence Hx-binding characteristics. Rabbit Hx bound almost as well as the human species, but rat Hx failed to interact with cultured cytotrophoblasts. The most likely explanation for this failure is a particular species-specific structure present in the rat Hx molecule.
